Objective: To build up sufficient knowledge of a 'healthy diet'. Here, we report on the assessment of nutritional knowledge using a uniform method in a large sample of adolescents across Europe. Design: A cross-sectional study.
on their dietary practices and food choices. Moreover, adolescence is a period when familial influence on a child's dietary habits diminishes and personal responsibility and autonomy become more important (5) . Therefore, adolescence could be a period when nutritional education and information could be expected to be most successful.
Although nutritional knowledge has been repeatedly assessed in adolescents, results are difficult to compare because different measurement instruments and definitions have been used. In addition, nutritional knowledge is influenced by biological and social factors (e.g. age, gender and social status) in both adolescents and adults (2, 3, (6) (7) (8) .
If nutritional knowledge could be measured in a better way and relevant determinants learnt, the needs of adolescents regarding nutritional education and information could be specifically determined. Subsequently, tailored programmes could be designed to support healthy dietary habits in this sensitive age group.
The HELENA (Healthy Lifestyle in Europe by Nutrition in Adolescence) study and, in particular, the HELENA CrossSectional Study (HELENA-CSS) provided for the first time the opportunity to examine nutritional knowledge in a large sample of well-characterized adolescents across Europe using a uniform methodology (9) (10) (11) . A validated multiple-choice nutritional knowledge test (NKT) designed for children and adolescents was considered the best option as a measuring instrument (12, 13) . The objectives of the present data analysis were: (i) to assess the overall degree of formal nutritional knowledge in adolescents across Europe; and (ii) to examine potential sociodemographic determinants of nutritional knowledge such as gender, body weight status, immigrant status and parental educational and financial level, using data from the HELENA-CSS.
Methods

Study design and sample
Ten large cities (Vienna, Ghent, Lille, Dortmund, Athens, Heraklion, Pecs, Rome, Zaragoza and Stockholm) from nine European countries formed the basis for the sampling selection. Each city has more than 100 000 inhabitants. A random cluster sample (all pupils from a selection of classes from all schools in these cities) of 3000 adolescents aged 12?5-17?49 years, stratified for geographical location, age and socio-economic status (SES), was targeted. All analyses conducted using the HELENA data are adjusted by a weighting factor to balance the sample according to the age distribution of the European adolescent population in order to guarantee true representation of each of the stratified groups.
From a statistical point of view, the group is considered a homogeneous one without the added variability caused by habitat. The sampling procedure was anticipated to give a fair approximation of the average picture of the situation. Such a well-defined large population was considered to be the best option for examining relationships between outcomes of interest, such as nutritional knowledge and sociodemographic status (11) . The general HELENA inclusion criteria were defined as: no simultaneous participation in another clinical trial; and valid data for age, sex and BMI (11) . Between October 2006 and December 2007, a total of 3528 eligible adolescents (1683 boys and 1845 girls) participated in the study and 3322 (1576 boys and 1746 girls) complied with the general inclusion criteria, as well as with the additional criterion of having validly completed the NKT (.75 % of questions completed), which was a requirement for the present analysis.
Participants themselves and their parents signed an informed consent form. The HELENA study received ethical approval from the responsible institutions in the participating countries. Details have been published elsewhere (11, 14) .
Nutritional knowledge test
To investigate formal nutritional knowledge, an established NKT that had been formerly validated in children and adolescents was used (13, 15) . The structure and length of the NKT questionnaire were designed for pupils who had not received any special (trained) education on 'nutrition' (13) . The questionnaire included a total of twentythree multiple-choice questions ( Table 2 ) that could be categorized into specific subscales regarding knowledge of concepts (e.g. subscales 'Energy Intake and Energy Metabolism' or 'Physical Activity'), instrumental knowledge (e.g. subscale 'Nutrient Contents') and knowledge of causal relationships (e.g. subscales 'Sweeteners' or 'Oral Health').
The phrasing of the wrong answer alternatives was chosen to distract the pupils in order to make their assumptions more difficult. The test also contained questions with common misconceptions among the wrong answer alternatives (e.g. food fibre 'strains the circulatory system' or 'makes people fat'). Finally, questions in a subscale showed different degrees of difficulty; that is, some easy questions were included to keep the participants motivated while conducting the test.
In a pilot study, organized on a small scale in each country, the feasibility of all the questionnaires within the HELENA study programme was checked with respect to procedures, methods and data processing (15, 16) . The administration of the NKT questionnaire was embedded within a large set of standardized instruments and methods used to collect the various data included in the HELENA-CSS (e.g. dietary intake, anthropometry, physical fitness and sociodemographic characteristics). Assessments were usually carried out in the schools. The study personnel were free to arrange the timetable for the different instruments as they considered feasible (16) . The NKT questionnaire was completed by the adolescents in the classroom. Instructions were carefully given by the test leader from among the study personnel, who was present in the classroom. The test was usually completed within approximately 15 min by the study participants.
Each multiple-choice question offered three possible answers (only one was correct) and the 'don't know' category (13) . For evaluation, a correct answer was scored 1 and an incorrect answer was scored 0. Finally the individual scores were summed up and calculated as a percentage of the total (referred to as the total NKT score here).
Sociodemographic characteristics SES was assessed using a self-reported questionnaire completed in the classroom. The questionnaire was designed to categorize adolescents according to SES and to analyse relationships between SES and nutritional or clinical data. Details have been published elsewhere (16) . The following proxy measures of SES were used here: participant's and mother's nationality, language at home (as an indicator of ethnicity), mother's body weight status, father's and mother's educational level and family's financial situation. Further sociodemographic variables included were the participant's smoking status and the immigrant status of both participants and their parents. Immigrants were defined as those participants or their parents who had been born outside the country where they lived during the study.
Body weight status
Weight was measured with participants wearing underwear and without shoes using an electronic scale (model SECA 861; Seca GmbH & Co KG, Hamburg, Germany) to the nearest 0?1 kg. Height was measured with the participants barefoot in the Frankfort plane using a telescopic height-measuring instrument (model SECA 225; Seca GmbH & Co KG) to the nearest 0?1 cm. All measurements were taken by trained staff. Details have been published elsewhere (17) . BMI was calculated as weight in kilograms divided by the square of height in metres (kg/m 2 ) and subdivided into four categories: 'underweight', 'optimal', 'overweight' and 'obese', according to references suggested for international use (18, 19) .
Statistical analyses
All statistical analyses were performed using the SAS statistical software package version 8?02 (SAS Institute, Cary, NC, USA).
The primary outcome was total NKT score (percentage of correct answers) by age and gender. Descriptive statistics were computed where necessary and 95 % CI was used in the figures. Gender differences in the frequency of correct answers in the NKT subscales were analysed using the x 2 test, and gender differences in age, BMI or total NKT score were analysed using the Wilcoxon two-sample test (two-sided).
Analysis of covariance (SAS procedure PROC GLM) was used to control for age or centre differences and to investigate the effect of BMI, SES and sociodemographic variables on NKT scores. Here, two different models were applied for each gender subgroup separately: model 1 to investigate the influence of age, BMI and immigrant status in the total sample; and model 2 to investigate the influence of SES and sociodemographic variables in non-immigrant participants.
Model 1 (total sample): Nutritional knowledge score (or subscales of nutritional knowledge) 5 centre 1 age 1 BMI (or BMI group) 1 immigration status.
Model 2 (non-immigrants only):
Nutritional knowledge score (or subscales of nutritional knowledge) 5 centre 1 age 1 BMI (or BMI group) 1 smoking status 1 mother's (or father's) educational level 1 family's financial status 1 mother's weight status.
Mean age-adjusted NKT scores (least square mean), together with 95 % CI, were computed and used for figures. Statistical significance was set at P , 0?05.
Results
Anthropometric characteristics, smoking and immigration status are shown by gender in Table 1 . Overall, no gender differences were observed for age, BMI, smoking status or immigration status, but significantly more boys than girls were categorized as being overweight or obese.
In the total sample, girls had slightly but significantly higher total NKT scores compared with boys (62 % v. 59 %; Table 1 ). Sixteen out of twenty-three questions were answered correctly by more than 50 % of respondents. Between 22 % and 93 % of participants answered the single questions correctly. Subscale scores were very close to the total score (Table 2) .
There were only minor differences between male and female participants at this stage of the descriptive data analysis.
Total NKT scores increased significantly with age at approximately 1?8 % (2?7 %) per year of age in both boys (r 5 0?160, P , 0?0001) and girls (r 5 0?236, P , 0?0001). Therefore, age-adjusted total NKT scores were calculated. Mean age-adjusted total scores in girls (61 %) remained slightly but significantly higher than in boys (58 %).
Overall, there was no correlation between continuous BMI values and total NKT score (model 1). However, after classification according to BMI group, significant differences were found in boys (model r 2 5 0?098; BMI group P , 0?0013), where mean total NKT score increased with BMI group -except for the obese group who had the lowest mean total NKT score (Fig. 1) . However, these differences vanished after the inclusion of SES variables in the model. In girls, there was no difference in total NKT score between BMI groups (model 1 r 2 5 0?117; BMI group P , 0?9375). The subscale 'Energy Intake and Energy Metabolism' showed almost the same results regarding BMI group as the total NKT score for boys (model 1 r 2 5 0?082; BMI group P , 0?0130). For this subscale, a tendency (model r 2 5 0?076; BMI group P , 0?6073) of increasing knowledge with BMI group was also observable in girls -except for the obese participants (data not shown). No significant effect of BMI or BMI group on the other nutritional knowledge subscales could be identified.
Mean total NKT scores were slightly (approximately 10 %) but significantly lower in 'immigrant' adolescents or in adolescents with 'immigrant' mothers (model 1). Therefore, for further analyses regarding SES and sociodemographic variables (model 2), 'immigrant' adolescents and adolescents with 'immigrant' mothers were excluded, leading to a subsample of 2801 participants (53 % female) for the subsequent part of the data analysis.
In model 2, which included BMI (or BMI group), SES and sociodemographic characteristics, we found differences in total NKT scores for a number of variables according to gender. In boys, smoking status and educational level of the mother influenced the total NKT score significantly: nonsmokers had a slightly higher mean score compared with smokers (57 % v. 60 %; P , 0?0201), and the total NKT score increased with the educational level of the mother (from 55 % to 62 %; P , 0?0001; Fig. 1) . None of the other SES variables or BMI (group) had an influence on the total NKT score in non-immigrant boys.
In girls, the educational levels of both parents influenced the total NKT score significantly. Total NKT score increased significantly with the educational level of the mother (from 58 % to 64 %; P , 0?0128; Fig. 2 ) and -except for the lowest educational level -with the educational level of the father as well (from 60 % to 64 %; P , 0?0069). Similar to boys, none of the other SES variables or BMI (group) had an influence on total NKT scores in nonimmigrant girls.
Discussion
This assessment of formal nutritional knowledge in adolescents from nine European countries using a uniform methodology arrived at the following main conclusions: (i) the overall degree of nutritional knowledge among European adolescents was only modest in both boys and girls, and it increased with age; and (ii) the most convincing determinant of nutritional knowledge was the educational level of the parents, whereas body weight status did not show any association.
By way of study design and the specific random sampling procedures for schools and classes, care was taken to control for potential differences by location and to guarantee a well-defined sample of adolescents across Europe (11) . Although it is difficult to compare the HELENA results with those of other studies on this subject because of the different methodologies used and the backgrounds, our results regarding level of knowledge, as well as the main determinants, seem to fit in well with findings in the literature.
Level of nutritional knowledge
A level of approximately 60 % of questions answered correctly, as in the HELENA study, was also found in smaller samples of adolescents in single European countries (20, 21) and abroad (1, 22) , whereas mostly lower scores (of around 40 %) were found in US adolescents (22) (23) (24) (25) . Interestingly, adults do not seem to have any better nutritional knowledge compared with adolescents, not even college students (26) (27) (28) (29) , although in a recent Australian study 72 % of questions were answered correctly (30) . Therefore, the HELENA results suggest that European adolescents might know more about a healthy diet than their US counterparts, and certainly not less than adults.
In our analysis of the frequencies of correct answers for single questions, we found a general misconception with respect to the sugar content in food (ketchup) or beverages (soft drinks): adolescents underestimated the sugar content of these products. Others have reported similar misconceptions in adolescents (1) . Since consumption of sugar-containing beverages has been suggested to increase the risk of overweight and obesity in children and adolescents (31, 32) , correcting such a misconception by way of specific nutritional education might also improve the awareness of adolescents for a more prudent selection of beverages.
Physiological factors: age, gender, body weight Nutritional knowledge significantly increased with age by approximately 2 % per year, even within the small age range (12-17 years) examined in the HELENA study. Maturational processes in adolescence may account for such a distinct age effect. Findings in the literature confirm this observation (21) , although often a broader age range starting from a younger age (7-10 years) was examined (20) . Therefore, adolescence seems to be a sensitive period for improving nutritional knowledge effectively.
Girls had slightly but significantly higher nutritional knowledge scores compared with boys in the HELENA study. This finding has been confirmed by other studies in both adolescents (1, (21) (22) (23) 25, (33) (34) (35) and adults (27, 28, 30, (36) (37) (38) . In subgroups under 12 years of age, however, gender was less predictive (21, 22, 33) . It is questionable whether such a slight difference such as that found here is of any clinical or practical relevance. Nevertheless, the HELENA results are plausible, since it is well known that girls are in general more concerned about food selection compared with boys, even before maturational differences occur during adolescence.
However, the HELENA results do not suggest the need for gender-specific nutritional education, nor would this be practicable in real life.
Overall, there was no convincing correlation between BMI values and nutritional knowledge in the HELENA study sample since the significant differences according to BMI group in boys vanished after the inclusion of SES variables in the model. These results are in accordance with other studies in both adolescents (20, 35) and adults (37, (39) (40) (41) . Only among hospitalized patients were the overweight and obese patients found to have higher knowledge scores compared with other patients (42) . Therefore, the HELENA findings support the notion that an inferior nutritional knowledge is not per se associated with the prevalence of overweight or obesity in adolescents. In contrast, the tendencies for higher subscale scores regarding the topic of energy intake and energy metabolism for overweight adolescents suggest a specific nutritional concern in this group of adolescents, but an inability to translate this into dietary practice.
It has been shown repeatedly that proper nutritional knowledge is not necessarily associated with general positive dietary behaviour (1, 3, 6, 43, 44) . Nevertheless, in general, and independent of body weight status, some formal knowledge on dietary principles is a prerequisite for an informed food choice. Indeed, two recent studies found a positive association between nutritional knowledge and indicators of a healthy diet in adults (2) and adolescents (4) . Further evaluations of the HELENA data could prove this assumption in European adolescents. Sociodemographic factors Among all the variables examined here, the educational level of both adolescents and their parents showed the most convincing association with nutritional knowledge, whereas the family's financial situation failed to show an association. These results are plausible since formal nutritional knowledge was assessed here, which may reflect the body of acquired general knowledge and is related to the level of formal education. These results have also been confirmed by other studies in children and adolescents that used educational level as a proxy for SES (20, 35) , as well as in many studies with adults where higher SES levels were associated with higher knowledge scores (30, (36) (37) (38) 41, 45) . The association of nutritional knowledge with smoking or migrational status was in general weak, or only found in a single gender (e.g. for smoking in boys). Immigrants in the HELENA sample were only defined as those participants or their parents who had been born outside the country where they lived during the study. This definition produced a broad mixture of ethnicities and social levels, and no strong association with nutritional knowledge could be expected. However, the tendencies from HELENA are confirmed by studies from the USA where 'Caucasian' and 'white' US adolescents had higher nutritional knowledge scores compared with other ethnic groups (22, 23, 46) .
Conclusion
The NKT proved to be feasible in this sample of adolescents across Europe. As our study showed, in European adolescents, nutritional knowledge was modest and similar to results in adults. Intervention should be focussed on the lower SES components of the respective population. They should be initiated at a younger age and should be coupled with environmental prevention (e.g. healthy meals in school canteens).
